Many wildlife species face imminent extinction because of human impacts, and therefore, a prevailing belief is that some wildlife species, particularly large carnivores and ungulates, cannot coexist with people at fine spatial scales (i.e., cannot regularly use the exact same point locations). This belief provides rationale for various conservation programs, such as resettling human communities outside protected areas. However, quantitative information on the capacity and mechanisms for wildlife to coexist with humans at fine spatial scales is scarce. Such information is vital, because the world is becoming increasingly crowded. Here, we provide empirical information about the capacity and mechanisms for tigers (a globally endangered species) to coexist with humans at fine spatial scales inside and outside Nepal's Chitwan National Park, a flagship protected area for imperiled wildlife. Information obtained from field cameras in 2010 and 2011 indicated that human presence (i.e., people on foot and vehicles) was ubiquitous and abundant throughout the study site; however, tiger density was also high. Surprisingly, even at a fine spatial scale (i.e., camera locations), tigers spatially overlapped with people on foot and vehicles in both years. However, in both years, tigers offset their temporal activity patterns to be much less active during the day when human activity peaked. In addition to temporal displacement, tiger-human coexistence was likely enhanced by abundant tiger prey and low levels of tiger poaching. Incorporating fine-scale spatial and temporal activity patterns into conservation plans can help address a major global challenge-meeting human needs while sustaining wildlife.
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adaptation | coupled human and natural systems | ecosystem services | overlap | sustainability T he extent and degree to which threatened wildlife can coexist with humans over a sustained period is a central issue in conservation science and policy (1, 2) . Numerous conservation models (e.g., state-managed reserves, community-managed areas, and privately owned sanctuaries) have been proposed and implemented to facilitate coexistence at different spatial scales (3) (4) (5) (6) . For example, protected areas are designed to facilitate coexistence at a regional scale (Fig. 1A) by conserving wildlife amid a surrounding mosaic of human land uses and activities (4, 5) . Alternatively, community-based conservation approaches, which emphasize sustainable natural resource extraction for local consumption and conservation of biodiversity, envision human and wildlife activities being comparatively more interspersed in space and aim to facilitate coexistence at smaller intermediate scales (Fig.  1B) (3, 6) . Regardless of the conservation model, however, a rapidly growing world human population and a long history of competition between people and wildlife for limited resources (e.g., food) (1) have led to a general belief among conservation practitioners and policy-makers that some wildlife species, such as large carnivores and ungulates, cannot coexist with humans at fine spatial scales (i.e., regularly use the exact same locations as shown in Fig. 1C ) (7) (8) (9) (10) . This belief motivates conservation policies, including resettlement of human communities (11) away from threatened wildlife populations and expulsion of certain types of nonconsumptive human activities (e.g., research) from protected areas (12) . However, empirical and quantitative information on the capacity and mechanisms for wildlife to coexist with humans at fine spatial scales is lacking. Such information is urgently required, because human pressures on protected areas (e.g., livestock grazing, natural resource collection, and hunting), although illicit, have increased enormously (5, 13) . In addition, the world is projected to add ∼1.4 billion more people over the next two decades, forcing human and wildlife populations to share the same space (14) .
To help fill this critical information gap, we investigated the spatiotemporal patterns of tigers (Panthera tigris) and human activities inside and outside Chitwan National Park in Nepal (27°30′ N to 27°43′ N, 84°9′ E to 84°29′ E) (Fig. S1 ). We focused on the globally endangered tiger, because the conventional belief is that they cannot persist in areas with high human densities (e.g., >10 people/km 2 ) (7, 8) . We chose Chitwan for four main reasons. First, Chitwan National Park, established in 1973, covers ∼1,000 km 2 and is 1 of 28 reserves in the world that can support >25 breeding female tigers (15, 16) . Second, human activities inside and outside the park are diverse (and are likely to affect tiger behavior differently) (17) : local residents collect forest products (e.g., fodder for livestock and fuel wood) to support their resource-dependent livelihoods (18) , a growing number of tourists from around the world visit the area each year (19) , Nepal Army personnel patrol the park to deter illegal activities (e.g., wildlife hunting and logging), and motorized vehicles frequently transport people throughout the area. Third, the park and multiple-use forests outside the park are crucial parts of a landscape-level initiative to connect tiger reserves in India and Nepal through habitat corridors (20) . Fourth, the park is a flagship reserve and has received exceptional financial and technical support from the Nepal government and many international organizations, such as the World Wildlife Fund (15) . To a large degree, the fate of tigers along the base of the Himalayas, a globally important region for tigers, depends on the success or failure of conservation efforts in Chitwan (21, 22) .
In this study, we tested three specific hypotheses: (i) tiger density is higher inside the Chitwan National Park than in the multiple-use forest outside the park; (ii) tigers avoid locations visited by people and/or vehicles; and (iii) tigers are more active at night to avoid human disturbance. To test these hypotheses empirically, we used data from motion-detecting field cameras set inside and outside the park in 2010 and 2011 (Materials and Methods).
Results
We recorded relatively high tiger densities, abundant prey, and ubiquitous human presence inside and outside of the park in 2010 and 2011 (Tables 1 and 2 Table 1) . In both years, mean prey detection frequency inside the park, which is considered to have some of the highest ungulate densities in South Asia (23), did not significantly differ from outside the park (Table 2 ). High numbers of tigers and prey animals were recorded during the 2-y period, despite humans triggering 85% of the cameras and accounting for 75% of all detections. Local residents, typically collecting forest resources, accounted for 96% of all human foot traffic outside the park (Figs. S2 and S3), and they were approximately three times as prevalent outside the park as inside in both years (Table 2 ). However, the detection frequency of total people on foot, local residents, and army personnel inside the park significantly increased from 2010 to 2011 (Table 2) .
Surprisingly, even at a fine spatial scale (i.e., camera trap locations), abundances of total prey, people on foot, and vehicles had no significant effects on the probability of tiger occupancy across both years (Table 3) , leading us to reject hypothesis 2.
Tigers occupied ∼80% of the camera trap locations during the 2-y period (ψ = 0.82, SE = 0.04), with no significant difference between the 2 y. However, human-related covariates did influence the probability of detecting tigers ( Table 3 ). The probability of detecting tigers in 2010 and 2011 was higher at locations farther from human settlement (β = 0.35, 95% CI = 0.15-0.54) and inside the park (β = 0.96, 95% CI = 0.51-1.41) (Fig. 2) . Being inside the park had the strongest effect on tiger detection probability. The positive relationships between tiger detection probability and being inside the park and distance to settlement did not change significantly between 2010 and 2011. In 2011, however, tigers were more likely to be detected at locations closer to forest roads (β = −0.55, 95% CI = −0.99 to −0.12) and less likely to be detected at locations with higher abundances of local residents (β = −0.41, 95% CI = −0.81 to −0.01) than in 2010 ( Fig. 2 and Table 3 ). With all covariates set to their mean, the modelaveraged detection probability was higher in 2010 (P = 0.1, SE = 0.01) than 2011 (P = 0.07, SE = 0.01).
In both years, tigers offset their temporal activities, especially outside the park, by being less active during the day when human activity peaked (2010 data are shown in Fig. 3 and 2011 data are shown in Fig. S4 ), which supports hypothesis 3. Over the 2-y period, on average, only 20% of all tiger detections in the park occurred during the day between 0600 and 1800 hours (i.e., average times of sunrise and sunset during study), whereas only 5% of tiger activity outside the park occurred during the day. Tiger temporal activity across both years overlapped the most with army personnel and the least with local residents.
Discussion
In contrast to the general belief, we found that tigers and people frequently co-occurred at fine scales both inside and outside the park in both years. The estimates of tiger density across our study site in Chitwan were higher than numerous sites in Central and North India (24) and several times higher than sites in Laos, Indonesia, Malaysia, and Bhutan (25) (26) (27) (28) . In addition, tiger occupancy was 12-30% greater than sites in Indonesia and India (29, 30) . Human foot traffic across the study site was also orders of magnitude greater than traffic reported for other areas of the tigers' range (using similar methodology) (25, 26) . Over the last decade, tigers have maintained high densities in Chitwan (15, 31) , although human density in settled areas surrounding the park has increased 20% (212-255 people/km 2 ) (32), approximately two times the average human density (127 people/km 2 ) among 12 of 13 tiger range countries (except Bangladesh) in 2010 (14) .
Tiger density has remained high in Chitwan despite an increasing human population size, likely because tigers are adjusting their activity in space and time according to the type and magnitude of human presence in the forest. Although more wary near human settlement (i.e., lower detection probability), tigers spatially Protected areas aim to facilitate coexistence between wildlife and humans at regional scales (A) by spatially segregating them into distinct zones. Community-managed areas, in which people can extract natural resources on a limited basis, such as pro-wildlife cattle ranches and community forests, encourage coexistence at comparatively smaller intermediate scales (B) . Most conservation models, however, are based on the belief that some wildlife species, like large carnivores, cannot coexist with humans at fine spatial scales (C) because of a fundamental conflict over limited resources (e.g., food). We empirically test this prevailing belief using data from camera traps to quantify the capacity and mechanisms of tigers, a notoriously elusive carnivore, to coexist with humans at a fine spatial scale (i.e., exact same point locations) in Chitwan, Nepal. Estimates of tiger density inside and outside of the park are not independent from one another for two reasons: the model sampling regions overlap, and one tiger was present in both regions.
overlapped with people on foot and vehicles at a fine spatial scale in both years, perhaps by using the night to avoid human disturbance associated with local resource collection. The time spent, noise made, and physical impact on the forest during resource collection likely disturbs animal behavior more than nonconsumptive human activities (e.g., wildlife viewing by tourists). For instance, the collection of woody biomass, which is a frequent activity in Chitwan's forests (18, 33) , requires repeated and relatively loud chopping in a given area for an extended period. Tigers across the study site in Chitwan were consequently one-sixth less active during the day than at sites in Malaysia and Indonesia, where human activity was considerably less (26, 34) . In particular, the much greater prevalence of local resource collection outside the park than inside the park may have caused tigers there to become almost completely inactive during the day (Fig. 3 and Fig. S4 ).
The 55% increase in the presence of local residents across the study site from 2010 to 2011 may have caused tigers to alter their space use by being more wary in areas with higher local resident foot traffic. In 2011, increased detection of tigers near forest roads, which are energetically efficient means of traversing the landscape (35) , may indicate that tigers were also avoiding the smaller trails typically used by local residents when on foot. Moreover, the increase in tiger density inside the park in 2011 was concurrent with greater numbers of local residents entering the forests across the study site, which suggests that the park is an important refuge from high levels of disturbance for tigers, whereas the forest outside the park, despite supporting several tigers, does not seem to serve that function to the same extent. Increased presence of local residents across the study site may reflect their greater reliance on Chitwan's forests for fuel wood. Possible explanations for increasing demand for fuel wood include an (i) unexpected increase in the price of kerosene and liquefied petroleum gas and (ii) curbed illegal use of electrical services (e.g., unauthorized connections between households and main electrical lines) because of stricter enforcement. The 2 y of data that we collected are insufficient, however, to conclusively test the abovementioned arguments. Collecting information over a longer time frame than 2 y will enable stronger inferences about spatiotemporal interactions between humans and tigers and capacity for long-term coexistence in human-dominated regions.
Co-occurring high densities of tigers and people inside and outside of the park at fine scales may have been enhanced by two other factors. First, tiger prey numbers have increased in forests directly outside the park after the implementation of conservation-oriented policies in 1996, such as removal of livestock and participatory forest management (36, 37) . For instance, forest biomass outside the park increased after livestock were prohibited from grazing there, enabling these forests to support a higher density of wild ungulates (i.e., tiger prey) (36) . Moreover, local communities are reforesting many areas outside the park (37), thus improving wild ungulate habitat conditions. With high numbers of prey inside and outside the park, other factors, such as tiger social structure (e.g., female philopatry) and territorial behavior, 
-
Values in bold indicate within-year samples that were significantly different from one another (Mann-Whitney u test, P < 0.05). Hog deer and gaur were not detected outside the park in both years. Unlike detection frequency, estimates of tiger density are based on identified individuals and take into account imperfect detection. Consequently, in our study, tiger detection frequencies and density estimates inside and outside of the park differed relative to each other in 2010. *Between-year samples within the same row were significantly different (Mann-Whitney u test, P < 0.05). Interaction terms are shown (e.g., road × year). Covariate coefficient estimates were averaged from these four top-ranked models. The AIC c of the intercept-only model [i.e., ψ(·) p(·)] was 1,797.4. AIC c , second-order Akaike's information criterion; ΔAIC c , difference in AIC c values between each model and the model with the lowest AIC c value; K, number of model parameters (includes intercepts and covariates); LL, logarithm of the likelihood; location, location of the camera trap (i.e., inside or outside Chitwan National Park); local, abundance of local residents; p, detection probability; road, distance to nearest forest road; settlement, distance to nearest human settlement; year, year data collected (i.e., 2010 or 2011); w i , AIC c model weight; ψ, occupancy; (·), parameter held constant (i.e., intercept only). may influence tiger space use more so than fine-scale spatial heterogeneity of prey abundance (38, 39) . Second, human exploitation of tigers, such as poaching, has been relatively controlled since the end of the civil war in Nepal in 2006 (15) . Exploitation is a key determinant of tiger abundance, because it can increase mortality rates and lead tigers to avoid areas with people (40) .
Our findings affirm the notion that effective management policies, such as those policies that improve habitat conditions and lower exploitation, are more important to tiger conservation than human density per se (41) . Unique socioeconomic and institutional factors in Chitwan, such as park management intensity, tourism infrastructure, initiatives to include local communities in ecodevelopment, massive efforts to reduce and control poaching, and social tolerance to tigers (19, 42, 43) , likely increased the capacity for tigers and people to coexist at fine spatial scales. As such, the spatial and temporal interactions between people and tigers observed in Chitwan may differ in other human-dominated regions that have different socioeconomic and institutional characteristics. Similar research conducted in other human-dominated regions would be extremely useful in expanding and clarifying our understanding of how tigers behaviorally respond to humans at fine spatiotemporal scales. For instance, it would be important to address some questions. What energetic costs to tigers are associated with temporal displacement (e.g., decreased hunting success at night)? Are there disturbance thresholds (thresholds are given in ref. 44 ) beyond which tigers dramatically alter their spatial and temporal behavior? What effects do behavioral changes in space and time have on tiger population persistence?
Here, we have shown that tigers can adapt and thrive in a human-dominated landscape by displacing their spatial and temporal activity from humans. Our study shows the need for and feasibility of incorporating temporal activity patterns into conservation planning, which typically focuses on spatial relationships (zoning information in ref. 45 ). For example, reducing the abundance of livestock left unattended at night when carnivores are typically active will reduce livestock predation (46) . Vehicular activity may also be restricted during certain times (e.g., dusk and dawn) to facilitate crepuscular and nocturnal dispersal across and use of human-dominated landscapes. Whether illicit or authorized, human activities within natural ecosystems around the world, such as hunting bushmeat, herding livestock, and collecting forest products, are pervasive and in many cases, increasing (13, (47) (48) (49) . The reaction of threatened wildlife to these activities will vary according to context-specific conditions, including region, type, and frequency of human activities, behavioral ecology of the wildlife species, and management policies. Similarly, conservation actions intended to modify the ways people and wildlife interact in space and time must fully consider the context-specific social and political implications (e.g., altering access to land for different groups of people) (50) in addition to ecological effects. Regardless of context, however, conservation plans informed by fine-scale spatial and temporal insights can help address a major global challenge-meeting human needs while sustaining wildlife in an increasingly crowded world.
Materials and Methods
From January to May (i.e., the dry season before monsoon) in 2010 and 2011, we used state of the art camera trap technology (51) to collect field data on tigers, their main prey species [spotted deer (Axis axis), barking deer (Muntiacus muntjak), wild boar (Sus scrofa), sambar (Rusa unicolor), hog deer (A. porcinus), and gaur (Bos gaurus)] (52), and human presence (local residents, tourists, army personnel, and vehicles). In both years, we sampled the exact same locations inside and outside the Chitwan National Park [both regions dominated by Sal (Shorea robusta) forest] in four successive blocks, each sampled for ∼20 d at ∼20 locations. In 2011, we also sampled one additional location in each block; thus, we placed traps in a total of 76 locations in 2010 and 79 locations in 2011 (one trap was stolen in 2011) (Table S1 ). Traps were placed ∼1 km apart across the study site, and their spatial coordinates were recorded using a global positioning system receiver. Cameras were set to operate 24 h/d with no more than mechanical minimum delay between sequential photographs. For each picture, we recorded entity (i.e., tiger, prey species, or human presence type), location (based on trap identification), date, and time. We summed the number of detections for each entity for each camera trap. Detections were defined as (i) consecutive pictures of different individuals or vehicles, (ii) consecutive pictures of individuals or vehicles >0.5 h apart, and (iii) nonconsecutive pictures of individuals or vehicles (25) . If the number of detections varied between cameras in a pair, we used the larger number. We calculated detection frequency (number of detections per 100 trap-d) of each species and human presence type at each camera trap (25) .
The Mann-Whitney u statistic was used to test for significant differences in detection frequencies of each entity inside and outside the park within and between years. Data on individually identified adult tigers (not possible for prey animals and people) enabled us to also estimate tiger density. Tiger density was estimated using a spatially explicit capture-recapture model, which accounts for imperfect detection (53) . The model integrates individual animal capture histories and spatial locations of camera traps using a statistical point process model. This approach avoids having to use an ad hoc effective sample area (e.g., minimum convex polygon), which often inflates density estimates (54) , and instead, it calculates density as the number of animal activity centers that fall within some region encompassing the trap array. We ran three capture-recapture models for each year using data from different groups of camera traps: (i) inside the park, (ii) outside the park, and (iii) entire study site. The models were specified with a Bernoulli encounter process, in which an individual tiger may be captured in each trap only one time during each sampling occasion (i.e., 1-d interval from 1200 to 1200 hours). The Bernoulli encounter process was related to spatial animal movements using a half-normal detection function, similar to the function commonly used in distance sampling (55) . We added all zero encounter histories (5 × number of identified tigers) to augment each model dataset. After a burn in of 1,000 iterations, parameter posterior distributions computed from a single chain of 49,000 Markov chain Monte Carlo iterations were used to determine parameter mean, SD, and 95% CI values (53) .
We used occupancy models to estimate the relative effect of prey and human covariates on the spatial variability in tiger presence (56) across the entire study site over the 2-y period. Occupancy models are ideal for camera trap data, because they formally account for imperfect detection and allow the probability of an animal occupying and being detected at a location to vary in response to covariates. We evaluated the effects of prey, human presence types (i.e., total number of detections of people on foot, local residents, tourists, army personnel, and vehicles at each camera trap), location (i.e., a binary variable indicating whether the data were from inside or outside the park), distance to settlement (i.e., straight-line distance from camera trap to nearest human settlement abutting forests inside and outside park) and forest road (i.e., roads in the forests inside and outside the park), and year (i.e., a binary variable indicating whether the data were from 2010 or 2011) on tiger occupancy and detection. We combined tiger detection and covariate data from 2010 and 2011 using data from camera traps that were placed in the exact same locations in both years (i.e., 75 locations in 2010 and 2011 for a total of 150 locations). We ran models where the prey covariate was included as a single variable, summing the total number of detections for all six primary prey species at each camera trap (29) . We used this method rather than including the total number of detections from each of the six prey species as covariates, because two prey species (i.e., gaur and hog deer) were not detected outside the park. Because spotted deer comprised 75% of all prey detections (Figs. S2 and S3), we also ran each model just using the total number of spotted deer detections at each camera trap as the prey covariate. This method produced similar results to the results produced using the combined prey covariate; therefore, we only report models using the combined prey covariate. Models were ranked according to their second-order Akaike's information criterion (AIC c ), with higher-ranked models having lower AIC c values. Because several models with different combinations of covariates performed comparatively well (i.e., ΔAIC c < 4), we averaged model results (i.e., covariate coefficients, detection probability, and occupancy) from the top-ranked models using standard methods (i.e., multimodel inference) (57) . Model-averaged coefficient estimates were considered significant if their unconditional 95% CIs did not include zero. We used kernel density estimation to estimate the probability density function of the activity patterns (i.e., density of activity) of tigers and types of human presence. Then, we used the procedures described in ref. 34 Approximate 95% bootstrap confidence intervals of overlap estimates are indicated in parentheses. Average time of sunrise was 0600 hours, and average time of sunset was 1800 hours during the study.
